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The immediate and intermediate-term effects of balloon 
valvuloplasty were assessed at cardiac catheterization in 
nine children with recurrent stenosis after a previous 
surgical aortic valvotomy. At valvuloplasty the patients 
ranged in age from 0.35 to 16 years and had undergone 
surgical valvotomy 0.3 to 12.5 years previously. Balloon 
valvuloplasty immediately reduced the peak systolic aortic 
stenosis gradient by 53%, from 88 + 9 (mean + SEM) to 
41 f 6 mm Hg (p = 0.004). The left ventricular systolic 
pressure was reduced from 189 + 8 to 157 f 8 mm Hg 
(p = 0.001) and the left ventricular end-diastolic pressure 
from 17 + 1 to 14 + 2 mm Hg (p = 0.025). The heart rate 
and cardiac index remained unchanged. Before valvulo- 
plasty, one patient had lt and two patients had 2t aortic 
insufficiency. In six of nine patients, balloon valvuloplasty 
caused no change in the degree of valvular insufficiency. 
Two patients had a 1 t increase (from 0 to 1 t insufficiency 
in both), and one patient with no insufficiency developed 2t 
aortic insufficiency. 
Recent studies (1-5) have demonstrated that percutaneous 
balloon valvuloplasty acutely reduces the systolic gradient in 
children with valvular aortic stenosis. Virtually all the sub- 
jects studied, however, had unoperated aortic stenosis and 
had not undergone previous surgical valvotomy. There are 
few data (4) to document the effectiveness of balloon valvu- 
loplasty in children with restenosis after prior surgical aortic 
valvotomy. Nevertheless, it is clear that surgical aortic 
valvotomy is a palliative procedure and that restenosis 
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Elective follow-up catheterization was performed 0.8 to 
2.5 years (mean 1.5 f 0.2) after valvuloplasty. At fol- 
low-up, the peak aortic stenosis gradient remained signifi- 
cantly reduced from the gradient before valvuloplasty 
(37 f 5 versus 85 f 10 mm Hg, p = 0.002). The gradient 
had not changed significantly from that measured immedi- 
ately after valvuloplasty (37 -C 5 versus 38 + 5 mm Hg, p = 
0.75). At follow-up, aortic insufficiency had decreased from 
that immediately after valvuloplasty in three patients and 
had increased in two. No patient had >2t aortic insuffi- 
ciency at follow-up. 
Thus, percutaneous balloon valvuloplasty is effective in 
reducing the gradient in the majority of children with 
recurrent stenosis after surgical aortic valvotomy. The 
follow-up data indicate that the beneficial effects of valvu- 
loplasty persist for at least 1 f 2.5 years in these children. 
(J Am Co11 Cardio11989;13:110610) 
occurs commonly. Hsieh et al. (6), for example, found an 
actuarial incidence of reoperation of 44% by 20 years after 
surgical aortic valvotomy in childhood. If a second surgical 
procedure is performed, it is often aortic valve replacement 
(6,7), which obligates a child or young adult to a series of 
operations and lifelong anticoagulant therapy. 
In this report, we describe our initial experience with 
percutaneous balloon valvuloplasty in nine children with 
recurrent aortic stenosis after prior surgical valvotomy. In 
the majority of cases, balloon valvuloplasty provided a 
significant acute reduction in left ventricular outflow ob- 
struction, and the follow-up data indicate that valvuloplasty 
provided long-lasting relief of stenosis in this group of 
patients. 
Methods 
Selection of patients. The patients selected to undergo 
aortic balloon valvuloplasty met specific criteria indicating 
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the presence of recurrent stenosis severe enough to warrant the balloon (or balloons) was positioned across the valve. In 
repeat intervention. All patients had a previous surgical both the single and double balloon techniques, each balloon 
aortic valvotomy, and all had recurrent stenosis with an at was inflated with dilute contrast agent until the “waist” 
rest peak systolic gradient ~80 mm Hg or 60 to 79 mm Hg in created on the balloon by the stenotic valve was noted to 
association with symptoms of heart failure, chest pain, disappear. Inflation was repeated 2 to 4 times with minor 
dizziness or syncope. Patients were excluded if the aortic adjustments in the position of each valvuloplasty catheter. 
anulus was hypoplastic or if moderate to severe aortic After valve dilation, each valvuloplasty catheter was re- 
insufficiency (~3+) was present. If the patient satisfied the placed with a new pigtail catheter and a complete hemody- 
described criteria, valvuloplasty was offered as an alterna- namic study and a repeat aortogram were performed to 
tive to repeat surgery and informed consent was obtained. document the results. Because of the presence of aortic 
The protocol was approved by the hospital Institutional insufficiency in several patients, aortic valve areas were not 
Review Board. calculated. 
Results 
Study patients. Nine children, ranging in age from 0.35 to 
17.5 years, met entrance criteria and underwent valvulo- 
plasty between June 1985 and October 1987. Before balloon 
valvuloplasty, the peak systolic aortic valve gradient aver- 
aged 88 ? 9 mm Hg (range 60 to 146). Four of the nine 
children had associated lesions. Three had coarctation of the 
aorta that had been surgically corrected and one had subaor- 
tic stenosis. Data regarding the early effects of valvuloplasty 
in four of these children were included in a previous study (8) 
comparing the single and double balloon valvuloplasty tech- 
niques. 
Follow-up study. The elective follow-up cardiac catheter- 
ization was performed in an identical manner. The peak to 
peak systolic pressure gradient was determined from simul- 
taneous measurement of left ventricular and ascending aorta 
pressure tracings, and thermodilution cardiac output mea- 
surements were obtained in triplicate. Left ventricular and 
aortic cineangiograms were obtained after the hemodynamic 
evaluation was completed. 
Data analysis. Data are presented as mean values ? I 
SEM. Values obtained before and immediately after valvu- 
loplasty and at follow-up are compared with a Student t test 
for paired observations. A p value ~0.05 is required as 
evidence of statistical significance between measurements. 
Valvuloplasty. Each child was sedated with morphine 
and diphenhydramine hydrochloride. A SF to 7F thermodi- 
lution catheter was placed percutaneously into the right 
femoral vein, and a 5F to 7F pigtail catheter was placed in 
each femoral artery. A complete right and left heart cathe- 
terization was performed and cardiac output was measured 
in triplicate. After the pigtail catheter was advanced in a 
retrograde fashion into the left ventricle, each patient re- 
cieved 100 U/kg body weight of heparin (maximal dose 3,000 
U). The peak to peak aortic stenosis gradient was measured 
from simultaneous left ventricular and ascending aorta pres- 
sure recordings. A left ventricular cineangiogram was ob- 
tained before valvuloplasty, and an aortic cineangiogram 
before and after balloon valvuloplasty to assess the degree of 
aortic insufficiency. The aortic valve anulus was measured 
from the angiograms with the use of a calibrated marker 
catheter. 
Previous surgical valvotomy and postoperative course. 
The nine children had undergone surgical valvotomy for 
severe aortic stenosis (gradient = 91 ? 7 mm Hg) 0.3 to 12.5 
years before balloon valvuloplasty. A standard open surgical 
valvotomy was performed in eight children. In one infant the 
aortic valve was dilated with a 7 mm Hegar’s dilator from the 
left ventricular apex at the time of repair of a coarctation of 
the aorta. In six of the nine children, intraoperative pressure 
measurements documented a significant reduction in the 
aortic valve gradient from a mean of 98 t 8 to 35 2 8 mm Hg 
after valvotomy (p < 0.001). In the other three children, the 
reduction in aortic stenosis gradient after surgical valvotomy 
was documented by Doppler echocardiography. Surgical 
valvotomy was also successful in relieving symptoms of 
heart failure, exercise intolerance and chest pain in all 
affected children. 
In five patients the single balloon technique was utilized 
with a balloon diameter approximately equal to that of the 
aortic valve anulus (mean balloon/anulus ratio = 0.98). In 
four patients the double balloon technique was used, 
wherein two balloons are positioned across the valve and 
inflated simultaneously (8,9). In these cases the balloons 
were chosen such that the ratio of the balloon diameter sum 
to the valve anulus diameter was approximately 1.3 (mean 
diameter sum/anulus ratio = 1.27). With a 0.035 to 0.038 in. 
guidewire curled in the left ventricular apex, the valvulo- 
plasty catheter (or catheters) was advanced until l/2 to 2/3 of 
The children were followed up after valvotomy every 3 
months to 1 year, and all exhibited evidence of restenosis by 
clinical evaluation and serial Doppler echocardiograms or 
serial cardiac catheterizations, or both. After a variable 
symptom-free period, symptoms recurred in eight of nine 
children including one infant who developed recurrent con- 
gestive heart failure. A progressive increase in the stenosis 
gradient was documented in three children by serial Doppler 
echocardiograms and in two by serial cardiac catheteriza- 
tions. 
Balloon valvuloplasty. The nine children underwent per- 
cutaneous balloon valvuloplasty 0.3 to 12.5 years (mean 
6.0 + 1.3 years) after surgical valvotomy. At valvuloplasty 
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Table 1. Hemodynamic Data Before and Immediately After Balloon Valvuloplasty and at Follow-Up in Nine Patients 
LV End-Diastolic 
Systolic Gradient LV Systolic Pressure Pressure Cardiac Index Aortic Insufficiency 
(mm l-b) (mm Hg) (mm Hg) (liters/min per m2) (0 to 4 t scale) 






60 41 48 182 
88 40 22 210 
110 70 - 200 
146 43 40 240 
95 58 49 190 
88 44 30 176 
60 18 20 160 
67 13 27 172 
15 46 56 175 
88 41 31 189 















148 19 7 16 2.93 2.60 2.60 0 1t 0 
180 22 18 18 3.12 3.86 4.89 It It 0 
- 13 9 - 4.11 4.01 - 0 0 - 
152 22 18 12 3.12 3.20 2.40 0 1t 2t 
167 14 12 14 4.46 4.00 4.03 2t 2t 2t 
138 14 I1 26 3.48 3.25 3.70 0 0 2-k 
160 17 10 18 3.30 3.00 3.40 2t 2t It 
165 23 27 18 3.41 3.50 3.40 0 2t 2t 
142 13 10 8 2.90 2.70 3.27 0 0 0 
157 17 14 16 3.49 3.35 3.46 
5 1 2 2 0.18 0.18 0.28 
0.012 0.025 0.47 0.07 0.83 
0.49 0.48 0.34 
F/U = follow-up; LV = left ventricular; Post = immediately after valvuloplasty: Pre = immediately before valvuloplasty. 
they ranged in age from 0.35 to 17.5 years (mean 12.1 ? 1.8) 
and in weight from 6.8 to 78 kg (mean 45.6 + 7). Before 
valvuloplasty the peak systolic valve gradient ranged from 
60 to 146 mm Hg (mean 88 ? 9). The aortic valve anulus 
diameter ranged from 9 to 25 mm (mean 19 + 2). The left 
ventricular systolic pressure ranged from 160 to 240 mm Hg 
(mean 189 ? 8), and the left ventricular end-diastolic pres- 
sure from 13 to 23 mm Hg (mean 17 ? 1). Six children had no 
aortic valve insufficiency, one child had 1+ and two children 
had 2+ aortic valve insufficiency. The cardiac index was 
normal (3.49 t 0.18 liters/min per m2). 
Immediately after balloon valvuloplasty the peak systolic 
aortic valve gradient was reduced from 88 + 9 to 41 * 6 mm 
Hg (p = 0.004) (Table 1, Fig. 1). Therefore, the gradient was 
reduced by an average of 47 mm Hg, a 53% reduction. The 
left ventricular systolic pressure decreased from 189 ? 8 to 
Figure 1. Peak systolic aortic valve gradient before (PRE), imme- 
diately after (POST) and at follow-up cardiac catheterization (F/U) 
in eight children with complete follow-up data after balloon valvu- 
loplasty for recurrent postoperative aortic stenosis. Values repre- 
sent mean t 1 SE. *p = 0.001 versus pre; **p = 0.002 versus pre 
and p = 0.75 versus post. 
157 + 8 mm Hg (p = O.OOl), and the left ventricular end- 
diastolic pressure decreased from 17 + 1 to 14 ? 2 mm Hg 
(p = 0.025). The aortic systolic pressure increased signifi- 
cantly after valvuloplasty from 102 2 4 to 114 ? 5 mm Hg 
(p = 0.045). The heart rate and cardiac index did not change. 
After valvuloplasty, six of the nine children had no 
change in the degree of aortic valve insujiciency (Table I). 
Two children had a 1 + increase in grade (from 0 to 1 t aortic 
insufficiency in both). One child with no insufficiency before 
valvuloplasty developed 2+ aortic insufficiency. This child 
was the only patient whose left ventricular end-diastolic 
pressure increased after valvuloplasty (from 23 to 27 mm 
Hg). None of the children had >2+ aortic insufficiency after 
valvuloplasty. None experienced arterial pulse loss or sig- 
nificant hemorrhage after the procedure. 
In one 14 year old boy with Noonan syndrome, valvulo- 
plasty reduced the peak systolic gradient from 110 to 70 mm 
Hg. This reduction was believed to be inadequate relief of 
the obstruction and the patient subsequently underwent 
aortic valve replacement. During surgery a markedly dys- 
plastic aortic valve was noted with no evidence of commis- 
sural fusion and with a mildly hypoplastic anulus. 
Follow-up data. Eight of the nine children have been 
followed up for an average of 1.5 years after balloon aortic 
valvuloplasty. Clinical imporvement has been noted in all 
patients. All affected children have had improvement in 
exercise intolerance and shortness of breath, and two pa- 
tients with chest pain had noted resolution of their symp- 
toms. Two patients with syncope or presyncope have had no 
recurrence of these episodes. 
A follow-up cardiac catheterization was performed on all 
eight children, 0.8 to 2.5 years (mean 1.5 + 0.2) after balloon 
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Figure 2. Left ventricular (LV) systolic pressure before (PRE), 
immediately after (POST) and at follow-up cardiac catheterization 
(F/U) in eight children with complete follow-up data after balloon 
valvuloplasty for recurrent postoperative aortic stenosis. Values 
represent mean t 1 SE. * p = 0.0003 versus pre: ** p = 0.012 versus 
pre and p = 0.49 versus post. 
valvuloplasty. In five children the repeat catheterization was 
performed because of concern based on results of Doppler 
echocardiography that severe stenosis had recurred; three 
patients underwent an elective follow-up study. At follow-up 
catheterization, the peak systolic aortic valve gradient re- 
mained significantly reduced from that present before valvu- 
loplasty (37 5 5 versus 85 i 10 mm Hg, p = 0.002) (Table 1, 
Fig. 1). Furthermore. there was no evidence of restenosis as 
the valve gradient at follow-up was not significantly different 
from that measured immediately after valvuloplasty (37 i 5 
versus 38 2 5 mm Hg, p = 0.75). The left ventricular systolic 
pressure at follow-up was also diminished compared with 
that before valvuloplasty (157 t 5 versus 188 ? 9 mm Hg, 
p = 0.012) (Fig. 2) but had not changed from that measured 
immediately after valvuloplasty (157 2 5 versus 152 2 6 mm 
Hg, p = 0.49). The left ventricular end-diastolic pressure at 
follow-up (16 f 2 mm Hg) was not significantly different 
from that measured before or immediately after valvulo- 
plasty (18 t 1 and 14 t 2 mm Hg, respectively). Compared 
with the aortic valve insufficiency documented immediately 
after valvuloplasty. at follow-up the degree of insufficiency 
had decreased by grade 1 t in three children and had 
increased by grade 2+ in one child (Table I). The cardiac 
index at the follow-up catheterization did not differ from that 
measured before or immediately after valvuloplasty. 
Discussion 
Recurrent stenosis occurs commonly after surgical aortic 
valvotomy in childhood and presents a difficult clinical 
problem. Hsieh et al. (6) recently reported on the long-term 
follow-up of 59 children who underwent surgical aortic 
valvotomy before 1968. The data indicated that 44% of the 
children required reoperation by the 20th postoperative 
year, the majority for recurrent severe stenosis. In the 
majority of cases requiring reoperation (20 of 2 I), the second 
surgical procedure required was aortic valve replacement. 
Other centers have reported a similar experience, including 
the frequent necessity for aortic valve replacement at reop- 
eration (7). 
Results of balloon valvuloplasty. The present study has 
found that percutaneous balloon valvuloplasty is an effective 
nonsurgical treatment for postoperative recurrent aortic 
stenosis in childhood. Balloon valvuloplasty produced a 
substantial immediate reduction (mean 53%) in the peak 
systolic gradient across the aortic valve. Six of the nine 
children had no acute change in aortic insufficiency, and no 
child had >2+ insufficiency after valvuloplasty. The proce- 
dure provided inadequate relief of left ventricular outflow 
obstruction in only one child (Patient 3). This patient subse- 
quently underwent aortic valve replacement and was found 
to have a severely dysplastic valve with mild annular hypo- 
plasia. 
Perhaps more important than the immediate postvalvulo- 
plasty are the follow-up catheterization data provided by this 
study documenting that the effectiveness of balloon aortic 
valvuloplasty in this patient group is not short-lived. At 
follow-up catheterization, an average of 1.5 years after 
valvuloplasty. the peak systolic valve gradient (37 t 5 mm 
Hg) remained significantly reduced from the pre-valvulo- 
plasty gradient. No significant restenosis had occurred as the 
follow-up gradients were very similar to those measured 
immediately after valvuloplasty. At follow-up the degree of 
aortic insufficiency had decreased by I+ in three children 
but had increased by 2+ in one child compared with that 
documented immediately after valvuloplasty. Three of eight 
children had no aortic valve insufficiency at the follow-up 
study. 
Previous studies. There have been very few previous 
reports documenting the long-term effectiveness of balloon 
aortic valvuloplasty in childhood (10). Lababidi et al. (1) 
performed aortic valvuloplasty in 23 patients and reported 
follow-up catheterizations in 6. an average of 4.7 months 
after the procedure: none of the 6 children had a change in 
aortic valve gradient noted at follow-up. Helgason et al. (4) 
reported follow-up catheterization data in 10 of I5 children. 
6 ueeks to 6 months after aortic valvuloplasty. In 8 of the IO 
children the valvular gradient remained essentially un- 
changed (115 mm Hg gradient increase), whereas substan- 
tial rectenosis occurred in 2 children. In both of these reports 
the follow-up interval averaged only several months. and in 
neither report did the authors state how the subgroup of 
children was chosen for follow-up catheterization. The 
present study therefore provides the first systematic fol- 
low-up data, obtained in all children reported, to document 
persistent hemodynamic benefits > I year after balloon aor- 
tic valvuloplasty in childhood. 
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Doppler versus catheterization measurements. In five of 
the eight children with follow-up cardiac catheterization, this 
study was performed because with a peak instantaneous 
pressure gradient X0 mm Hg had been measured with 
Doppler echocardiography. In each case, the peak to peak 
aortic valve gradient at catheterization was substantially less 
than the Doppler gradient (37 ? 5 versus 69 + 8 mm Hg, p < 
0.01). Overall in the eight children, a poor correlation was 
found between the peak aortic valve gradient measured at 
follow-up catheterization and the Doppler peak instanta- 
neous gradient (y = 0.30x t 29.2, r = 0.30, p = 0.11). 
Although peak instantaneous gradient typically exceeds 
peak to peak gradient, the discrepancy noted in these eight 
children in unusually large (11). Others (12) have observed a 
similar discordance between Doppler- and catheter-mea- 
sured gradients in patients who have undergone balloon 
aortic valvuloplasty. The reason for such a discrepancy in 
measured valve gradient after aortic valvuloplasty is not 
clear and deserves further study. 
Conclusions. Our immediate and follow-up data indicate 
that percutaneous balloon valvuloplasty is effective in reduc- 
ing left ventricular outflow tract obstruction in the majority 
of children with recurrent stenosis after a previous surgical 
aortic valvotomy. An immediate reduction of 53% in peak 
gradient was documented and the gradient relief has per- 
sisted for 2 1.5 years. Severe aortic valve insufficiency was 
not encountered immediately or at the follow-up study. 
Because the surgical alternative for postoperative recurrent 
aortic stenosis is often aortic valve replacement (6,7), we 
propose that percutaneous balloon valvuloplasty be at- 
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